Abstract
Introduction
Human skin epidermis and its appendages exhibit different site-specific morphologies and very important physiological functions including the protection against environmental injury, infection and excessive dehydration, corporal temperature regulation, and hair growth maintenance [1] [2] [3] [4] [5] [6] . The skin integrity and barrier function are tightly regulated by a complex network of cell-cell and cell-matrix interactions. In particular, the cellular regeneration of skin epidermis and hair follicles is maintained along lifespan of individuals by different adult stem/progenitor cell subpopulations localized within the specialized microenvironments, niches in basal layer of epidermis, sebaceous gland and hair follicle bulge region (Fig. 1 ) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . These [1, 3, 21, 23, 25-27, 29, 30] . These molecular events may cause severe damages to mitochondrial and nuclear DNA, [25, 28, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] . These anti-aging strategies, which may improve the stress resistance and survival of skin regenerative cells, represent the potential therapies to prevent the age-related skin detrimental alterations and disorders such as premature aging diseases, chronic non-healing wounds and ulcers and ectodermal dysplasia [25, 28, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] .
small subpopulations of immature cells endowed with a high self-renewal capacity and multilineage differentiation ability contribute to replenish the different skin cell lineages, including mature and specialized keratinocytes, sebocytes or melanocytes, in homeostatic conditions or after intense skin injuries. A chronic or cumulative ultraviolet-light (UV) exposure and inflammation of skin and oxidative stress and telomere shortening in skin stem/progenitor cells and their progenies, however, usually lead to their dysfunctions or loss via the senescence or apoptotic death with advancing age (Figs 1 and 2) [21-28]. This age-related decline in skin regenerative cells may result in a skin homeostatic imbalance and severe cutaneous disorders [23-28]. In particular, a long-term exposure of skin cells to environmental insults such as UV radiations and internal metabolic reactions typically generates highly toxic products and reactive free radicals

membranes, lipids and proteins in skin-resident stem/progenitor cells and their progenies as well as dermal fibroblasts, and ultimately lead to cell dysfunctions or loss during chronological aging. Of therapeutic interest, numerous therapeutic approaches have been developed to restore the skin integrity and functions with advancing age and improve the repair mechanisms after severe injuries. The use of antioxidants, antiinflammatory and detoxifying agents, calorie restriction and stem cell-based therapies have emerged as the promising strategies to prevent or delay the functional decline or loss of skin-resident adult stem/progenitor cells and their progenies occurring during chronological aging or photoaging
In (Fig. 1) [1, 4, 6, 13, 22, 28, [44] [45] [46] [47] [48] [49] [50] [51] [52] . More [1, 6, 13, 28, [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] . Among [44, [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] 
addition, the photoaging and accumulation of genetic and/or epigenetic alterations in skin stem/progenitor cells and their progenies as well as their microenvironment, including age-related changes in the expression levels of numerous gene products, may lead to development of cutaneous basal cell and squamous cell cancers (BCCs and SCCs) or aggressive and recurrent melanoma
Functions of skin-resident adult stem/ progenitor cells in skin regeneration
The cellular regeneration of the skin is maintained by different adult stem/progenitor cell subpopulations localized within the specialized microenvironments, niches in interfollicular epidermis (IFE), sebaceous gland and hair follicle bulge region (Fig. 1 ) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [70] [71] [72] . The epidermal barrier is affected by a continuous loss of terminally differentiated keratinocytes in the outermost epidermal layer, the stratum corneum that are shed from the skin surface during the desquamation process [1, 6] (Fig. 1) [2, 7, 8, 10, 11, 13, 70, 73] . KSCs provide critical roles in participating to the continuous replenishment of mature keratinocytes of epidermis in homeostatic conditions and after skin injuries [7, 11, 13, 14] [6, 8-11, 70, 74-79] Fig. 1) [8, 9, 12, 15, 16, 22, 71, [90] [91] [92] [93] Fig. 1 ) [2, 7-9, 12-16, 22, 71, 92-94] . Indeed, the hair follicles typically undergo repeated growth cycles consisting [103, [107] [108] [109] [110] .
The lower permanent portion of the hair follicle bulge region in human and mice also contains a small subpopulation of immature melanocyte stem cells with stem cell-like properties that can give rise to melanocyte precursors and mature melanocytes in bulb areas at the base of hair follicle (Fig. 1) 
Altered functions of skin-resident adult stem/progenitor cells during chronological aging
The structural integrity and functions of skin are generally altered with passage of time [1, 3, 21, 25] . The chronological intrinsic aging of skin cells may result in a progressive decrease of turnover epidermal time and loss of tone and elasticity of skin [1, 3, 21, 25, 140] . Moreover, the skin aging is also accompanied by an increased susceptibility to injury and infection, epidermal dehydratation, reduced wound healing, wrinkles (rhytides), pigmentary alterations, hair greying and loss, blood vessels weakness, and increased risk of skin epithelial cancers and melanoma (Fig. 1) [1, 3, 21, [25] [26] [27] 140] . Among the principal environmental factors that may promote the skin-aging process and ultimately carcinogenesis, a repeated exposure to solar UV radiations is critical [25, 27, 48, 49, 54, 141] [97] .
The Fig. 1) [140, 142, 143] . Particularly, the fibroblasts in aged skin can produce high levels of matrix MMPs and low levels of collagen [142] . An [193] . These data suggest then that Notch1 may act as a tumour-suppressor gene product in skin epidermis.
chronological aging and photoaging of skin is also accompanied by an extensive ECM remodelling in dermal layers such as the occurrence of EMT program or senescence of skin fibroblasts, dramatic up-regulation of matrix metalloproteinases (MMPs) and a decrease of collagen production (
In this matter, loss-of-function mutations in PTCH-1 receptor or activating mutations in SMO resulting in a constitutive activation of hedgehog pathway, has also been associated with the development of rare diseases such as nevoid basal cell carcinoma syndrome (NBCCS) and accelerated aging disorder, XP, which are typically characterized by skin defects and a high BCC
incidence [159-161, 183, 186, 194] . [44] . Moreover [57] . (Fig. 1 ).
On the other hand, an increased expression of CK19, which is considered as a putative marker of bESCs, has also been observed in certain SCC tissue specimens
The transcriptional suppression of p53 induced-Notch gene expression through the activation of EGFR/c-Jun signalling in keratinocytes also led to a down-regulation of Notch1-initiated differentiation pathway and expansion of stem cell populations that promoted the development of SCCs [82, 83]. In spite these advances, additional investigations are necessary to more precisely determine the specific implication of KSCs residing near the basement membrane in basal epithelial layer versus bESCs in the development of different BCC or SCC subtypes
Potential implications of cancer stem/progenitor cells in melanoma
A growing body of experimental evidence has also revealed that the cutaneous melanoma, which generally shows a high propensity to metastasize and resistance to current therapeutic treatments, could arise from cancer cells endowed with stem cell-like properties [58-63, 112, 195-198] [58-63, 65, 195, 196, 198] (Fig. 3) [46, 53, 66, 174, [200] [201] [202] [203] [204] (Fig. 3) [63, 65, 195] . [34, 36, 37, 216, 217] [2, 38-43, 78, 135, 220] . Several therapeutic strategies have been investigated for skin reconstructive surgery after intractable and severe wounds such as burns, deep skin injuries, infections and decubitus ulcers, including cell grafting with diverse biocompatible artificial materials and/or skin fragments [39, 40] [38, 163] . Consistently, it has been reported that the bulge-resident ESCs in telomerase-deficient mice showed an impaired proliferative capacity that led to a decreased skin and hair growth [163] . The telomerase re-introduction in these mice, however, reversed the functional defects associated with a decreased telomerase activity and telomere shortening and restored the long-term survival of mice without increase skin tumorigenesis [163] .
In addition, several data have revealed the beneficial effects to incorporate the dermal cells or BM-derived stem/progenitor cells for cell-replacement therapy and skin tissue engineering [39, 41, 78, 139] (Fig. 3) [1, 83, 192, 202, [221] [222] [223] [224] [225] [226] . The results of in vitro and in vivo studies have revealed a beneficial effect to target these deregulated signalling elements, alone or in combination therapies, to inhibit the growth, survival, invasion and/or metastasis of skin cancer cells (Fig. 3) [173, 175, 203, [227] [228] [229] [230] [231] . Based on the observations that the telomerase re-activation may contribute to cell immortalization and cancer development, including skin cancers, several anti-telomerase strategies have been designed to inhibit the telomerase activity in cancer cells, and prevent the tumour development [170, 223, [232] [233] [234] [235] [236] . Moreover, the natural dietary component, resveratol has been shown to act as a potent chemopreventive and chemotherapeutic agent against the chemically-and UVB-induced non-melanoma development by activating the apoptotic pathways of cell death in mice models of skin carcinogenesis [35, 36] . Numerous studies have also revealed the beneficial effects to target the hedgehog signalling pathway to inhibit the growth and induce the apoptosis of BCC cells without major toxicity on normal cells [47, 192, 224, [237] [238] [239] [47, 192, 224, [237] [238] [239] [240] . Of particular interest, the data from a phase 1 clinical trial have also revealed that the treatment of BCC patients with a hedgehog inhibitor, may reverse the growth of the tumours in certain patients [241, 242] . Moreover, the inhibition of EGFR and Notch1 signalling using specific EGFR tyrosine kinase activity inhibitor, AG1478 and [203, 206, 210, 231, [243] [244] [245] [246] . The targeting of HA/CD44 tumorigenic pathway using mAb or soluble CD44 protein form also diminished the human melanoma growth and/or incidence of metastases in vitro and in mice models in vivo (Fig. 3 ) [230, [247] [248] [249] . The pharmacologic suppression of MITF transcription factor expression, which provides critical role in the regulation of differentiation and survival of melanocytic cell lineage through a topical application of HDAC inhibitor also reduced the skin pigmentation and melanoma formation in mouse xenografts derived melanoma cells in vivo [250] . Importantly, the molecular targeting of sonic hedgehog SHH/PTCH/GLI by using smoothened co-receptor inhibitor, cyclopamine also prevented the growth, recurrence, and metastasis of melanoma xenografts in mice in vivo suggesting that the melanoma-initiating cells may be eliminated following this treatment type [226] (Fig. 3) [65] . The data from microarray analysis have also revealed that several gene products coding for Wnt inhibitors were up-regulated in the CD133 down-regulated cells [65] . These 
